Alkyl-malonate-substituted thiacalix[4]arenes as ligands for bottom-up design of paramagnetic Gd(III)-containing colloids with low cytotoxicity by Stepanov A. et al.
ORIGINAL ARTICLE
Alkyl-malonate-substituted thiacalix[4]arenes
as ligands for bottom-up design of paramagnetic
Gd(III)-containing colloids with low cytotoxicity
Alexey Stepanov a,*, Irek Nizameev a,b, Rustem Amirov c, Sofia Kleshnina a,
Gulshat Khakimullina c, Svetlana Solovieva a, Alexandra Voloshina a,
Anastasya Strobykina a, Aidar Gubaidullin a, Ramil Nugmanov c, Asiya Mustafina a
aA.E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Center, Russian Academy of Sciences, Arbuzov Str.,
8, 420088 Kazan, Russia
bKazan National Research Technological University, Kazan 420015, Russia
cKazan (Volga region) Federal University, Kremlyovskaya Str., 18, 420008 Kazan, Russia
Received 22 February 2017; accepted 16 May 2017
KEYWORDS
Malonate thiacalix[4]arenes;
Longitudinal relaxivity;
Paramagnetic colloids;
Hydrophilic colloids;
Gd(III) ions;
Cytotoxicity
Abstract The present work introduces thiacalix[4]arene adopting 1,3-alternate conformation with
alkyl-malonate terminal substituents as ligands for Gd(III) ions. pH-dependent complex formation
of Gd(III) ions via alkyl-malonate substituents in aqueous DMSO solutions results in a precipita-
tion. The precipitated complexes were converted into hydrophilic colloids of ‘‘plum-pudding” mor-
phology, where the Gd(III) complexes form hard small (1.5–4 nm) cores included into larger (about
180 nm) soft PSS shells. The precipitate-to-colloid transformation is facilitated by polystyrolsul-
fonate (PSS) for Gd(III) complexes with thiacalix[4]arene bearing propyl-malonate groups, while
the presence of PSS triggers a dissolution of the precipitated complexes for thiacalix[4]arenes with
pentyl-malonate substituents. To a lesser extent the similar tendency disturbs the formation of PSS-
stabilized colloids on the basis of butyl-malonate substituted thiacalix[4]arene. The PSS-stabilized
colloids exhibit high longitudinal and transverse relaxivities (r1 = 23.8 and r2 = 29.4 mM
1 s1
at 0.47 T, respectively), while the recoating of the PSS-stabilized colloids with polyethyleneimine
is accompanied by the dissolution of the hard cores. High relaxivity along with low cytotoxicity
of PSS-stabilized colloids indicates their applicability as contrast agents in MRI.
 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
Gd(III) complexes have attracted significant attention in recent dec-
ades due to their use in MR imaging (Burtea et al., 2008; Lauffer,
1988; Platzek et al., 1997). Many commercial MRI contrast agents
are based on Gd(III) complexes (Burtea et al., 2008; Platzek et al.,
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